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Abstract

This paper provides a survey of existing research on agent-based approaches to transportation and traffic
management. A framework for describing and assessing this work will be presented and systematically
applied. We are mainly adopting a logistical perspective, thus focusing on freight transportation. However,
when relevant, work of traffic and transport of people will be considered. A general conclusion from our
study is that agent-based approaches seem very suitable for this domain, but that this still needs to be ver-
ified by more deployed system.
� 2005 Elsevier Ltd. All rights reserved.

Keywords: Multi-agent systems; Decentralized systems; Survey; Traffic and transportation management
1. Introduction

The research area of agent technology continues to yield techniques, tools, and methods that
have been applied or could be applied to the area of traffic and transportation management.
The aim of this paper is to present a consistent view of the research efforts made in this area.
We are mainly adopting a logistical perspective, thus focusing on transportation rather than

traffic, and on freight rather than people. In particular, we will not survey the extensive work
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on agent-based modeling of driver and commuter behavior. Also we will not consider approaches
to supply-chain management.
In the next section, the areas where agent technology may be useful will be identified. We then

present a framework that will be used to classify and assess the research in the area. This is fol-
lowed by a systematic survey of the work found in the literature. Finally, we analyze our findings
and present some conclusions.
2. Background

The development of distributed and heterogeneous systems, such as software for automation
of, and decision support for logistics management, poses significant challenges for system devel-
opers. Agent technology (Weiss, 1999; Wooldridge, 2002) aims to provide new concepts and
abstractions to facilitate the design and implementation of systems of this kind. Parunak (1999)
lists the following characteristics for an ideal application of agent technology:

• Modular, in the sense that each entity has a well-defined set of state variables that is distinct
from those of its environment and that the interface to the environment can be clearly
identified.

• Decentralized, in the sense that the application can be decomposed into stand-alone software
processes capable of performing useful tasks without continuous direction from some other
software process.

• Changeable, in the sense that the structure of the application may change quickly and
frequently.

• Ill-structured, in the sense that all information about the application is not available when the
system is being designed.

• Complex, in the sense that the system exhibits a large number of different behaviours which may
interact in sophisticated ways.

As most transport logistics applications actually fit Parunak�s characterization rather well, this
would suggest that agent technology indeed is a promising approach for this area. However, it is
not suitable for all applications. For instance, in applications that are monolithic, centralized, sta-
tic, well-structured, and simple, agent technology will probably not provide any added value, only
unnecessary complexity.
3. Evaluation framework

For each paper surveyed we describe the problem studied, the approach taken to solve it, and
assess the results.

3.1. Problem description

Each problem description includes the following three parts: the domain studied, the mode of
transportation, and the time horizon considered.
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3.1.1. Domain
We have chosen to divide the problem descriptions into three domains: transport, traffic, and

terminal. A transport is an activity where something is moved between point A and B by one
or several modes of transport. Problem areas that fall under the category transport are e.g., route
planning, fleet management, different sorts of scheduling, i.e., functionalities that takes place to
support transportation.
While transport refer to the movement of cargo from one point to another, traffic refers to the

flow of different transports within a network. One train set is thus a transport, or part of a trans-
port, that takes part in the train traffic flow. Hence, a transport can be part of several traffic net-
works (air, waterborne, road, rail) and a traffic network constitutes of several transports. Typical
traffic activities are traffic flow scheduling such as railway slot allocation, air traffic management,
and railway traffic management.
Within for example a transport chain where the cargo is transported by truck, rail, ship, and

truck again, there are interfaces between the different modes. These interfaces represent nodes
for reloading and are referred to as terminals. Terminals can be any fixed place where the cargo
is handled and require access to different kinds of resources. Typical terminal activities are re-
source allocation and scheduling of cranes, forklifts and parts of a facility.

3.1.2. Transport mode
There are five basic modes of transportation: road, rail, air, water, and pipeline (Stock and Lam-

bert, 2001). Although the use of pipelines often offers the cheapest method in transporting bulk
fluids in long distances, we will in this paper not regard this modality.
The water transport via sailing vessels offers one of the most used and less costly means of

transporting bulk goods. The use of rail is often associated with bulk items transported less
costly than road to far distant markets. The flexibility and often-inevitable use of road for
the beginning or final transport mode in a transportation chain makes this the most often used
form of transport. Road transport is often associated with faster delivery in short distances
and is attractive to shippers and customers that demand choice and flexibility in schedul-
ing. Finally, air transport mode offers the fastest means of transport and usually the most
expensive. This mode is usually reserved for high-valued goods that need to be transported
across large distances. The use of air is also considered in short supply times, as in the case
of disaster relief.
All freight transport modes can include, for example, fleet management techniques, route, and

maintenance planning, on-board loading/unloading techniques and on-board computers. In all
cases, the emphasis will be on the impact on organizational costs and service levels. Usually in
freight logistics, transportation represents the most important single element in logistics costs
for most firms (Ballou, 1999). Transportation is a key decision area within logistics due to, on
average, a higher percentage of logistics costs associated with this activity than any other logistics
activity (Ballou, 1999). The selection of which mode of transport is to be used is dependent on
several factors associated with the type of cargo/goods, e.g., requirements on speed, handling,
costs, distance, flexibility etc.

Intermodal transportation, refers to ‘‘movement of goods in one and the same loading unit or
vehicle that uses successively several modes of transport without handling of the goods themselves
in changing modes’’ according to the definition of The European Conference of Ministers of
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Transport (ECMT, 2001). The definition is valid also for personal travelling that includes two or
more different modes of transportation.
One of the primary challenges in intermodal transport management is to coordinate several

interdependent activities within the transport as well as the communication between the multiple
actors involved.

3.1.3. Time horizon
Historically, the term logistics referred mainly to issues regarding technical and physical flows

of products on an operational level. Today, the term includes both strategic and tactical issues be-
side the operational ones and includes the information flow connected to the physical flow. There-
fore, the applications and concepts studied and presented are divided into levels of time
perspective; strategic, tactical, and operational level of decision-making. This is an established
classification that is widely used. It can also be seen as a hierarchy in decision time (Schneeweiss,
1999). We will here by time horizon refer to at what stage in the decision-making process the appli-
cation is used, or is intended to be used. There are two dimensions often distinguished, the level of
decision-making and its time frame. There is no definite line of separation, but strategic decision-
making typically involves long-term decisions concerning determining what to do, while tactical
deals with medium-term issues of setting up an action-list, and operational how to conduct the
work set out in more specific terms, i.e., short term issues (Shillo and Vierke, 2000). The time hori-
zon for these levels is highly domain dependent.
In this studywe also include the execution of tasks and real-time controlling functionalities within

the operational decision-making. For a transport operator, as an example, a strategic issue to ad-
dress would be where to locate distribution centres, while a tactical issue would be to tailor the vehi-
cle fleet to satisfy the customer demands, and the operational level would involve scheduling of each
and every transport and the controlling function with monitoring and ad-hoc planning if necessary.
As can be seen there is no established definition on time frame or content in the different plan-

ning hierarchy, and it is highly dependent on what type of business that is addressed.

3.2. Approach

Each approach is described by the following three parts: the intended usage of the agent system,
the type of agents used, and the type of coordination chosen.

3.2.1. Usage
The applications studied can be classified, according to this paper, as either to serve as an auto-

mation system, or a decision-support system. An automation system can be defined as ‘‘having a
self-acting mechanism that performs a required act at a predetermined time or in response to cer-
tain conditions’’ (McGraw-Hill Encyclopedia of Science & Technology, 2003). In this context it
refers to a system�s ability to act upon its decisions, i.e., it has a direct influence on the controlled
environment and there is no human involved. On the contrary, a decision-support system, DSS,
has only at most an indirect impact on the decision-making. A DSS is a system that provides out-
put of some specified type to support the decision process for the user. The user, i.e., the decision-
maker, takes the suggested decision(s) into consideration, and then acts. Thus, the final decision is
made by a person, not the software system.
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3.2.2. Coordination (control, structure, and attitude)
Researchers in many fields including computer science, economy, and psychology have studied

the area of coordination, which can be viewed as ‘‘managing the interdependencies among activ-
ities’’ (Malone and Crowston, 1994). In any environment where software agents participate, the
agents need to engage in cooperative and/or competitive tasks to effectively achieve their design
objectives. From the multi-agent systems perspective coordination is a process in which agents en-
gage in order to ensure that a community of individual agents acts in a coherent manner (Nwana
et al., 1996). Coordination techniques are classified here according to the three dimensions con-
trol, structure, and attitude.
We capture the authority relationships between agents in the dimension of control, which is

either centralized or distributed (decentralized). The MAS structure corresponds to the set of
agents constituting the MAS, their roles, and the communication paths between agents. The struc-
ture is either predetermined, i.e., static (the set of agents or their roles do not change during the
execution), or is changing dynamically. Finally, the agent attitude dimension captures the behav-
ior of agents, which is classified as either benevolent (cooperative), i.e., they will comply with so-
cial laws and global goals, or selfish (competitive), where the agents� individual goals, e.g., in a
market-based economy, will govern their behavior.

3.3. Results

The main classification of the result of the approaches will be in terms of maturity of
the research. However, we will also try to assess the performance and the limitations of the
approaches.

3.3.1. Maturity
Agent applications can have varying degree of maturity, i.e., how complete and validated an

application is. According to Parunak (2000), the description of the maturity of an agent applica-
tion helps the users to assess how much work that remains to carry out the implementation of the
agent application. Furthermore, Parunak has suggested a number of degrees of maturity which
formed the basis for our refined classification.
The lowest degree of maturity in the classification is conceptual proposal. Here the idea or the

principles of the proposed application is described with its general characteristics, e.g., if the
model is simple or complex. In the literature the term conceptual model is quite well-established
and well-defined. However, we prefer the more open term conceptual proposal since it otherwise
could be more difficult to fit in all applications according to the classification.
The next level in the classification is simulation experiments. Here the application has been

tested in a simulation environment. The data used in the simulated experiment can either be real
data, i.e., taken from existing systems in the real world, or data that is not real, i.e., artificial, syn-
thetic or generated. Further, the type of data has been divided into limited/partial or full-scale
data. The full-scale data represents data for a whole system, while the limited/partial data only
covers parts of the system.

Field experiment indicates that experiment with the application has been conducted in the
environment where the application is supposed to be applied. As in the simulated experiment,
the field experiment is also divided into limited/partial and full-scale. The final level, deployed
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system, indicates that the system has been implemented in the real world and also has been or is in
use. This is the most mature type of agent applications.

3.3.2. Evaluation comparison
If a new approach is developed to solve a problem which has been solved previously using other

approaches, the new approach should be compared to those existing approaches. Such an evalu-
ation could be either qualitative, by comparing the characteristics of the approaches, or quantita-
tive, by different types of experiments.

3.4. Summary of framework

Table 1 summarizes the framework for describing and assessing the agent-based approaches to
logistics. Appendix A provides a table listing the published work in the area of agent-based ap-
proached to transport logistics that we have encountered is classified according to this framework.
The papers in the table are first sorted according to domain and then according to mode of trans-
portation. In the case where several papers have been published regarding the same project, we
have chosen the most recent publication and/or the most widely available.
4. Analysis of survey

The survey shows that agent technology has been applied to many different problem areas with-
in transport logistics. Often these agent approaches are distributed and very complex by nature,
such as: planning and scheduling, fleet management, transport scheduling, traffic management,
and traffic control. In the work reviewed, there was an even distribution between the three do-
Table 1
Classification framework

Aspect Categories

Problem description Domain 1. Transport, 2. Traffic, 3. Terminal
Transport mode 1. Air, 2. Rail, 3. Road, 4. Sea, 5. Intermodal
Time horizon 1. Operational, 2. Tactical, 3. Strategical

Approach Usage 1. Automation system, 2. Decision support system
Control 1. Centralized, 2. Distributed
MAS structure 1. Static, 2. Dynamic
Agent attitude 1. Benevolent, 2. Selfish

Results Maturity 1. Conceptual proposal
2. Simulation experiment
2.1. Artificial data, 2.1.1. Limited, 2.1.2. Full-scale
2.2. Real data, 2.2.1. Limited, 2.2.2. Full-scale
3. Field experiment, 3.1. Limited, 3.2. Full-scale
4. Deployed system

Evaluation comparison l. None, 2. Qualitative, 3. Quantitative
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mains (transport, traffic, and terminal), whereas the modes of transportation were dominated by
air, road, and intermodal. It is worth noting that very little work has been done studying strategic
decision-making. In addition, only a few of the publications concerning air and rail deal with
transport-centered issues. In Fig. 1, the distribution of modal focus over the domains can be seen.
Fig. 2 shows the number of applications per mode that have addressed strategic, tactical and/or
operational aspects.
Most of the rail-related publications address problems of allocating slots for the railway net-

work, i.e., timetabling. This is a problem seldom found within the other modes of transport be-
sides air traffic (even though railway slot allocation differs significantly from air traffic slot
allocation). Market-based approaches (Clearwater, 1996) have appealed to several of the research-
ers, where the coordination mechanism is very similar to the negotiation that takes place in prac-
tice. In addition, some publications study resource allocation for specific rail transports, but these
problems are not modal-specific to the same extent as the slot allocation problem. Several of
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the approaches have been evaluated experimentally, but no deployed system has been found.
Methods that are alternative to agent technology for these kinds of problems are often centralized
optimization and simulation technologies.
Regarding the publications that relate to air traffic and transportation, the studies on air traffic

management is dominating and agent technology seems to have been applied to this problem area
for more than a decade. The main topic addressed is distributed air traffic management using free
flight, i.e., the aircrafts are allowed to choose their speed and path in real-time and air traffic
restrictions are only applied when air space separation is required. Just one application focusing
on airport slot allocation for a tactical setting has been found, which is surprising as many railway
scheduling applications exist. Only a few publications in the air domain deal with transport re-
lated issues.
In the papers on road transports, most of the problems concern transport scheduling, i.e., allo-

cating transport tasks to vehicles. The approaches are distributed and include negotiation in var-
ious manners, such as the contract net protocol, and sometimes they are market-based. However,
also Multi-Agent Based Simulation (MABS) is used in some applications. The agents in these
applications represent different roles, e.g., a company, a truck, a customer etc. The transport
applications are on a tactical level and the purpose is most often to serve as a DSS to a transport
operator since the problem is complex and need some human supervision before the final trans-
port task allocation. Alternative methods to agent technology in road transport are classical
mathematical methods and operations research.
In the road traffic domain most of the problems concern traffic management and control to deal

with for example congestion of the roads. The applications are designed to inform drivers about
the traffic situation and give recommendations, regulate the traffic with signals and messages, and
so on. A couple of the applications deal with public transport management where the actual status
of the vehicles is compared to the planned status, e.g., a timetable. The majority of the systems are
on the operational level and most of the applications function as a DSS, but some are designed to
serve as automation systems. Alternative methods mentioned in the papers, are evolutionary algo-
rithms, knowledge-based systems, neural networks, and fuzzy theory.
Concerning the sea mode of transportation, most application of agents have been trying to in-

crease the efficiency of the container terminal operations. Many papers tend to focus specifically at
the marine-side interface whilst disregarding the other processes in the terminal that determine
overall terminal performance, e.g., the stacking of containers. The terminals are characterized
as complex and dynamic systems and researchers find the relationships between the many actors
involved having both common and conflicting goals, in which vast amounts of information are
not processed adequately to encourage the use of agents. Several papers focus exclusively on
the operational processes of communication between the gantry cranes and the straddle carriers
in order to reduce idle time and the number of times that a container is handled, whereas a couple
of papers deal with tactical and strategic decisions. Unfortunately, the majority of the papers re-
viewed do not state clearly the type of agent approaches used or how their agents are able to com-
municate and make decisions. Interestingly, within the sea mode of transportation, most research
has focused primarily on the terminal domain with very few papers considering the traffic and
transport domains.
Of the reviewed publications regarding intermodal transportation, primarily the combination of

road and rail has been considered. The problems studied are usually to coordinate several tasks
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for a specific transport, such as slot request, terminal handling and allocating transport services.
The approach is typically to identify a set of different roles, similar to the real-world functions,
and allocate agents for each of these. Although only a few publications were found, the work
in this area seems to be extensive at the moment and rapidly developing. Some alternative meth-
ods for these problems are discrete-event simulation and optimization. In practice, however, they
are more often dealt with in an ad-hoc manner with a mix of human-intervention and spread-sheet
analysis. For this domain, as for the other domains, the benefits of using agent-based approaches
are not explicitly discussed.
The main reasons mentioned in the papers for adopting an agent-based approach are: facilitates

distributed control, ability to cope with partial and noisy data, and ability to model complex
problems. Although the ability to distribute control is the most cited reason, it is interesting to
note that 30% of the projects surveyed make use of centralized control. Also, only half of the
applications utilize the possibility of dynamic MAS structures, which is an often cited strength
of agent technology. A majority of the work (64%) concerns the use of agent technology in deci-
sion support systems. Figs. 3 and 4 illustrate the distribution of the approaches taken for decision
support systems and automation systems respectively (two systems are both decision support and
automation systems).
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Regarding the maturity, the vast majority of the approaches surveyed have just reached the
level of conceptual proposal (30%) or simulation with limited or artificial data (53%). An obvious
danger with simulation experiments based on artificial or partial data is that abstractions are
made that simplifies the problem to a point where the results are not relevant for real-world prob-
lems. The table below illustrates how the maturity of the projects has developed through the years,
i.e., presenting the number of projects found per year and maturity level. The most recent publi-
cation found for each project is included. As can be seen, only one deployed system could be
found (Table 2).
In two thirds of the approaches surveyed, agents are applied to solve problems without consid-

ering current or alternative approaches to solve these problems. Of those that actually are making
comparisons, the majority make only qualitative comparisons. The alternative approaches re-
garded in the papers are, e.g., for traffic management: evolutionary algorithms, knowledge-based
systems, neural networks, fuzzy systems; and for transport scheduling: classical mathematical and
operations research methods, i.e., mainly centralized approaches. In Table 3, the number of ap-
proaches per evaluation and maturity level is presented.
Table 2
Results: maturity level over the years

Maturity 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

1 1 1 1 2 5 7
2.1.1 1 1 3 3 1 3 1
2.1.2 1 1 1
2.2.1 1 1 5 1 2 1 1 1
2.2.2 1 1 1 2 1
3.1 2 1
3.2
4 1

Table 3
Results: maturity and evaluation level

Maturity Evaluation comparison

None Qualitative Quantitative Both

Conceptual approach 15 2
Partial scale simulation with fictive data 9 1 2 1
Full scale simulation with fictive data 2 1
Partial scale simulation with real data 8 3 2
Full scale simulation with real data 2 1 2 1
Field experiment limited scale 2 1
Field experiment full scale
Deployed system 1

Total 36 10 5 5



Appendix A. Survey results

Paper Problem description Approach Results

Domain Mode Time
horizon

Usage Control MAS
structure

Agent
attitude

Maturity Evaluation
comparison

Budenske et al. (2001) Transport Air Operational Automation Centralized Dynamic Both 1 None
Perugini et al. (2004) Transport All Tactical DSS Distributed Dynamic Selfish 2.2.1 Both
Zhu et al. (2000) Transport Air Tactical DSS Distributed Static Benevolent 3.1 Qualitative
Böcker et al. (2001) Transport Rail Tactical DSS Centralized Static Benevolent 2.2.1 None
Sjöland et al. (2002) Transport Rail Tactical DSS Centralized Static Benevolent 1 None
Bouzid (2003) Transport Road Tactical DSS Distributed Dynamic Benevolent 1 Qualitative
Fischer et al. (1999) Transport Road Tactical DSS Distributed Dynamic Benevolent 2.1.1 Both
Kohout and Erol (1999) Transport Road Tactical DSS Distributed Dynamic Selfish 2.2.1 Both
Sandholm (1993) Transport Road Tactical Automation Distributed Dynamic Selfish 2.2.1 Qualitative
Sawamoto et al. (2002) Transport Road Tactical DSS Distributed Dynamic Benevolent 2.1.2 Qualitative
Buchheit et al. (1992) Transport Intermodal Operational Automation Distributed Static Selfish 2.1.1 None
Bürckert et al. (2000) Transport Intermodal Operational DSS Distributed Dynamic Selfish 2.2.1 None
Dong and Li (2003) Transport Intermodal Tactical &

Operational
DSS Distributed Static Selfish 1 None

Funk et al. (1999) Transport Intermodal Tactical &
Operational

DSS Distributed Dynamic Selfish 2.2.1 None

Proshun et al. (2003) Transport Intermodal Strategic DSS Distributed Dynamic Benevolent 1 None
Bergkvist et al. (2005) Transport Intermodal Strategic DSS Distributed Static Both 2.1.1 None
Abouaı̈ssa et al. (2002) Transport Intermodal Strategic &

Tactical
DSS Distributed Dynamic Benevolent 1 None

Zhu and Bos (1999) Transport Intermodal All Auto Distributed Dynamic Benevolent 2.2.1 None
Burstein et al. (2000) Transport

Terminal
Air Operational Automation Centralized Dynamic Benevolent 3.1 None

Rizzoli et al. (2002) and
Rizzoli et al. (1999)

Transport
Terminal

Intermodal Tactical DSS Centralized Dynamic Selfish 2.2.1 None

Allo et al. (2001) Traffic Air Operational Auto Distributed Dynamic Benevolent 2.1.1 None
Callantine et al. (2003) Traffic Air Operational Both Centralized Dynamic Benevolent 2.1.1 Quantitative
Findler and Lo (1991) and
Findler and Elder (1995)

Traffic Air Operational Automation Distributed Dynamic Selfish 2.1.2 Quantitative

Iordanova (2003) Traffic Air Operational DSS Distributed Dynamic Benev 1 None
Košecká et al. (1997) and
Tomlin et al. (1997)

Traffic Air Operational DSS Distributed Dynamic Selfish 1 None

Ljungberg and Lucas (1992) Traffic Air Operational DSS Centralized Dynamic Benevolent 2.2.2 None
Nguyen-Due et al. (2003) Traffic Air Operational DSS Centralized Dynamic Benevolent 1 None
Painter (2002) Traffic Air Operational Automation Centralized Dynamic Benevolent 2.1.1 None

(continued on next page)
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Appendix A (continued)

Paper Problem description Approach Results

Domain Mode Time
horizon

Usage Control MAS
structure

Agent
attitude

Maturity Evaluation
comparison

Wollkind et al. (2004) Traffic Air Operational DSS Distributed Dynamic Selfish 2.1.1 None
Vilaplana and
Goodchild (2001)

Traffic Air Operational Auto Distributed Static Selfish 2.1.1. None

Wangermann and
Stengel (1996) and
Wangermann and
Stengel (1998)

Traffic Air Operational DSS Distributed Dynamic Selfish 1 Qualitative

Blum and Eskandarian
(2002a) and Blum and
Eskandarian (2002b)

Traffic Rail Tactical DSS Centralized Static Benevolent 2.2.1 None

Brewer and Plott (1996) Traffic Rail Tactical DSS Distributed Static Selfish 2.2.1 None
Cuppari et al. (1999) Traffic Rail Operational DSS Centralized Dynamic Benevolent 2.2.1 Qualitative
Fernández et al. (2002) Traffic Rail Operational DSS Distributed Dynamic Benevolent 1 None
Parkes and Ungar (2001) Traffic Rail Tactical Automation Distributed Static Selfish 2.1.1 Quantitative
Törnquist and Davidsson

(2002)
Traffic Rail Operational DSS Distributed Static Benevolent 1 None

Fernández et al. (2004) Traffic Road Operational DSS Distributed Dynamic Benevolent 2.1.1 None
Hernández et al. (2002)
InTRYS

Traffic Road Operational DSS Centralized Static Benevolent 4 Both

Hernández et al. (2002)
TRYS A2

Traffic Road Operational DSS Distributed Static Selfish 2.2.2 Both

Choy et al. (2003) Traffic Road Operational Automation Distributed Static Benevolent 2.2.2 Quantitative
Adler et al. (2005) Traffic Road Operational Both Distributed Dynamic Benevolent 2.1.2 Qualitative
Balbo and Pinson (2001) Traffic Road Operational DSS Distributed Static Selfish 2.2.1 Qualitative
France and Ghorbani (2003) Traffic Road Operational Automation Centralized Static Benevolent 2.2.1 None
Garcia-Serrano et al. (2003) Traffic Road Operational DSS Distributed Static Benevolent 3.1 None
van Katwijk et al. (2004) Traffic Road Operational Automation Distributed Dynamic Benevolent 2.1.1 Qualitative
van Katwijk and van
Koningsbruggen (2002)

Traffic Road Tactical Automation Distributed Static Selfish 1 None
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Goldsmith et al. (1998) Terminal Road Operational Automation Distributed Dynamic Benevolent 2.2.2 None
Itmi et al. (1995) Terminal Sea Operational Automation Centralized Static Benevolent 1 None
Lee et al. (2002)
and Yi et al. (2002)

Terminal Sea Tactical DSS Centralized Static Benevolent 2.1.1 None

Carrascosa et al. (2001)
and Rebollo et al. (2001)

Terminal Sea Operational Automation Centralized Static Benevolent 1 None

Thurston and Hu (2002) Terminal Sea Operational Automation Distributed Static Benevolent 2.1.1 None
Degano et al. (2001) and
Degano and
Pellegrino (2002)

Terminal Intermodal Operational Automation Centralized Dynamic Benevolent 2.2.2 Quantitative

Gambardella et al.
(2001) and
Gambardella et al. (1998)

Terminal Intermodal Tactical DSS Distributed Static Benevolent 2.2.2 Qualitative

Henesey et al. (2003a) Terminal Intermodal Strategic DSS Distributed Static Selfish 1 None
Henesey et al. (2003b) Terminal Intermodal Operational Automation Distributed Static Benevolent 1 None
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5. Conclusions

While producing the survey we have identified a number of positive aspects of the current state
of agent-based approaches to logistics:

• Many different approaches have been suggested and investigated.
• Many of the logistics problems that have been studied have characteristics that closely match
those of an ideal agent technology application very well.

• Especially in the areas of air and road traffic management agent technology seems to have con-
tributed significantly to the advancement of state-of-the-art.

However, there are also some things that can be improved:

• The maturity of the research; few fielded experiments have been performed and very few
deployed systems could be found.

• The suggested agent-based approaches are often not evaluated properly; comparisons with
existing techniques and systems are rare. Both qualitative assessments explaining the pros
and cons of agent technology compared to the existing solutions, and quantitative comparisons
to these solutions based on experiments, are desired.

• Some problem areas seem under-studied, e.g., the applicability of agent technology to strategic
decision-making within transportation logistics.
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Fischer, K., Chaib-draa, B., Mũller, J.P., Pischel, M., Gerber, C., 1999. A simulation approach based on negotiation
and cooperation between agents: a case study. IEEE Transactions on Systems, Man, and Cybernetics, Part C:
Applications and Reviews 29 (4), 531–545.

France, J., Ghorbani, A.A., 2003. A multiagent system for optimizing urban traffic. In: IEEE/WIC International
Conference on Intelligent Agent Technology (IAT 2003), Halifax, Canada, pp. 411–414.

Funk, P., Vierke, G., Bürckert, H.-J., 1999. A multi-agent systems perspective on intermodal transport chains. Logistik-
Management-Tagung LMT-99. Nurnberg, Germany.

Gambardella, L.M., Mastrolilli, M., Rizzoli, A.E., Zaffalon, M., 2001. An optimization methodology for intermodal
terminal management. Journal of Intelligent Manufacturing 12 (5–6), 521–534.

Gambardella, L.M., Rizzoli, A.E., Zaffalon, M., 1998. Simulation and planning of an inter-modal container terminal.
Simulation 71 (2), 107–116.



270 P. Davidsson et al. / Transportation Research Part C 13 (2005) 255–271
Garcia-Serrano, A.M., Teruel Vioque, D., Carbone, F., Méndez, V.D., 2003. FIPA-compliant MAS development for
road traffic management with a knowledge-based approach: the TRACK-R agents. In: Challenges in Open Agent
Systems �03 Workshop, Melbourne, Australia.

Goldsmith, S.Y., Phillip, L.R., Spires, S.V., 1998. A multi-agent system for coordinating international shipping. In:
Noriega, P., Sierra, C. (Eds.), Agent Mediated Electronic Commerce, First International Workshop on Agent
Mediated Electronic Trading, AMET-98, Lecture Notes in Computer Science 1571. Springer, Minneapolis, MN, pp.
91–104.

Henesey, L., Notteboom, T., Davidsson, P., 2003a. Agent-based simulation of stakeholders relations: An approach to
sustainable port and terminal management. In: International Association of Maritime Economists Annual
Conference, Pusan, Korea.

Henesey, L., Wernstedt, F., Davidsson, P., 2003b. Market-driven control in container terminal management. In:
Second International Conference on Computer Applications and Information Technology in the Maritime
Industries, Hamburg, Germany.

Hernández, J.Z., Ossowski, S., Garcla-Serrano, A., 2002. Multiagent architectures for intelligent traffic management
systems. Transportation Research 10C, 473–506.

Iordanova, B.N., 2003. Air traffic knowledge management policy. European Journal of Operations Research 146, 83–
100.

Itmi, M., Moral, D., Pecuchet, J.-P., Serin, F., Villefranche, L., 1995. Eco-problem solving for containers stacking.
IEEE Transactions on Systems, Man, and Cybernetics, International Conference on Intelligent Systems for the 21st
Century 4, pp. 3810–3815.

Kohout, R., Erol, K., 1999. In-time agent-based vehicle routing with a stochastic improvement heuristic. In: Eleventh
Conference on Innovative Applications of Artificial Intelligence, Orlando, FL.
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